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Mangosteen fruit is dubbed as the queen of tropical fruit.  This experiment was aimed to produce mangosteen 
micro shoots in a large number rapidly using Benzyl Amino Purine (BAP) and Gibberellic acid (GA3).  This 
study was conducted at the Agronomy laboratory, Agricultural Faculty, Bengkulu University from March to 
October 2013. This experiment used a completely randomized design (CRD) with 2 treatment factors. The first 
factor was BAP concentration, consisting of four levels, namely  0, 5, 10 and 15 mg L-1. The second factor was 
GA3 concentration, consisting of five levels, namely 0, 2.5, 5, 7.5, and 10 mg L-1. Every combination of 
treatment was repeated 5 times. One mangosteen seed sliced into four pieces was planted in each experimental 
unit and then  planted at the Murashige and Skoog (MS) medium. The result showed that the highest number of 
micro shoots (99.33 shoots per explant) and the fastest formation of micro shoot (4 weeks after planting) were 
obtained at the 15 mg L-1 BAP and 10 mg L-1 GA3 combination. 
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INTRODUCTION 
      Mangosteen (Garcinia mangostana L.) fruit is so delicious that is dubbed as “the queen of 
tropical fruit”. The plant is usually propagated using seeds.  The seeds are formed apomictically and, 
thus, homogenous (Horn, 1940).  There are some obstacles in the conventional mangosteen 
propagation through seeds. The seeds are produced seasonally and their vigor and viability decrease 
easily (recalcitrant seeds). For propagation, the fresh weight of a seed must be more than 1 g (Romeida, 
2002 ) 
The conventional plant propagation of mangosteen usually produces 1 to 3 plant per seed 
(Yaacob dan Thindal, 1995).  Soaking mangosteen seed for 24 hours in 200 mg L
-1 
kinetin solution and 
then plant it on sand media can induce embryo mangosteen seed as many as 5.0 embryos per seed 
(Romeida dan Taufik, 1999).  
The production of mangosteen through conventional propagation is low. So, it is necessary to 
use tissue culture technique to increase production because this technique has several advantages: it 
produces large quantity of seedlings in short time, is not dependent on season and the seedling is free 
of diseases (Gunawan, 1988; Torres, 1989).  In vitro propagation of mangosteen using seed explant on 
MS medium added with 20 M cytokines succesfully induced the formation of shoots per seed 
(Romeida, 1999).  The highly efficient protocol of embryogenesis and direct organogenesis has been 
used to improve genetic transformation, mutation breeding methods and propagation of mangosteen 
(Yapwattanaphum, 2002). 
The optimal level of BAP for shoot bud development from seedling leaf explants was 5 mg L
-1
 
(Goh et al., 1990 and 1997). Normah et al., (1995) studied the factors affecting in vitro shoot 
proliferation of mangosteen using seed explants. A maximum mean number of 16.5 shoots per explant 
was obtained from cultures after 2-3 weeks on MS medium supplemented with 40 mM BA, and 2.5 
mM α-naphthaleneacetic acid (NAA), 20 g L-1 sucrose, 7 g L-1 bacto agar, and kept at 30°C under an 8 




 light intensity. 
 Te-Chato et al., (1999) successfully induced nodular callus at a high frequency on very young 
laminae taken from in vitro grown plants. The optimal medium was MS supplemented with 2.22 µM 
BA, 2.25 µM thidiazuron (TDZ), 500 mg L
-1
 polyvinylpyrrolidone (PVP 360 000) and 3% sucrose. A 
multiplication rate of 2-3 was obtained by subculture of the nodular callus at 3 to 4-week intervals. 
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Plantlet regeneration from the nodules was achieved by transfer to other media, WPM with 500 mg L
-1
 
PVP, 0.4 µM BA, 3% sucrose, overlain with half strength MS with 0.32 µM NAA, 0.13 µM BA and 
3% sucrose. Shoots were rooted by wounding at the base, dipping in 4.4 mM IBA solution and 
culturing on WPM with 1.11 µM BA, 0.25% activated charcoal, 34.5 µM phloroglucinol (PG) and 3% 
sucrose (Goh, et al., 1988).  Te-Chato et al., (2000) developed a four-step procedure for plant 
regeneration from leaf explants excised from in vitro-grown plantlets. 
Huang et al., (2000) investigated tissue culture parameters in Garcinia and revealed that no auxin 
supplementation was necessary for bud primordium differentiation in explants from cotyledons or for 
proliferation of regenerated shoots. The optimum N6-benzyladenine (BA) concentration for 
primordium differentiation was 4.4 µM, and for shoot proliferation was 13.3 µM. Continuous culturing 
in an 8-hour photoperiod at 30°C resulted in degeneration of shoots; in contrast, a 16 hour photoperiod 
at 26°C regime enabled the sustained regeneration of shoots (Osman and Milan, 2006). 
A result showed that combination of 2.22 and 2.27 µM Thidiazuron (TDZ) on MS medium 
produce nodular calli basal medium WPM with 2.2 µM BAP concentration indicated the highest 
percentage of nodular callus formed shoot was 34.7%, average of numbers shoot per nodular calli was 
7.8 shoots, average of time formed shoot lenghth > 10 mm was 0.61.  The highly efficient protocol of 
indirect organogenesis from young leaf explant suggested in this study can be used to mutation 
breeding methods and propagation of Garcinia mangostana (Qosim et al., 2013). 
Giberelic acid (GA3) using on in vitro culture has reported on variety of plant.  The function GA3 
is to stimulate cell division and elongation of stem internodes.  Although it has been widely used in 
various types of plants in vitro, but for manggosteen propagation has not been reported.   
 The objective of this experiment was to get a large number of mangosteen micro shoots 
capable of growing rapidly to find the optimum BAP and GA3 concentration levels that can improve 
growth and multiplication of in vitro shoot until 12 weeks after planting on MS Medium. 
 MATERIALS AND METHODS 
 This experiment was conducted at the Plant Biotechnology and Tissue Culture Division, 
Agronomy Laboratory, Agriculture Faculty, Bengkulu University from July to December 2013.  The 
explants used in this study were superior mangosteen seeds collected from Sukarami Vilage, Bengkulu 
City.  The criteria of fruits whose seeds were used in this study were: the fruit was free of yellow sap 
diseases, the skin was dark to purplish red, and it had high leaf nitrate reductase, around 6.57 to 6,57 
µM NO2/gfw/h. Seeds weighing more than 1.0 g per seed were selected (Romeida, 2002).  Then, the 
seeds were washed with detergent, rinsed three times with sterile water, soaked in the 2 g L
-1
 
Agrimicyn and 2 g L
-1
 Benate overnight, then washed three times with sterile water. After that, the 
seeds were soaked in the 20% Natrium hypocloride, and finally, rinsed three times with sterile water.  
Before they were planted, the seeds were soaked in sterile water added with bethadine. 
This experimental used Competely Randomeize Design (CRD) factorial design with two factors 
and 10 replications.  The first factor was 6-Benzyaminopurine (BAP), consisting of 4 levels, namely 0, 
5, 10, and 15 mg L
-1
.  The second factor was Gibberelic Acid (GA3), consisting of 5 levels, namely 0, 
2.5, 5.0, 7.5 and 10.0 mg L
-1
.  The total of experimental units was 200 culture bottles.  Every unit was 
planted with one mangosteen seed that had been sliced into two pieces. The wounded part was attached 
to MS basal medium added with sucrose 30 g L
-1
, to 7 g L
-1
 and at 5.8 pH. The medium volume was 30 
ml per bottle. Before it was used, the medium was sterilized with autoclave for 15 minutes, 15 psi and 
at 121
0
C; then it was incubated for 1 week. After the explants were planted on sterile MS medium, they 
were maintained in culture room for 12 weeks . 
RESULTS AND DISCUSSION 
The results of analysis of variance showed that the concentration of BAP and BAP interaction 
with GA3 had significant effect on the number of formed shoots. While the single factor of BAP, GA3 
and their interaction did not have significant effect on shoot length, number of leaves and fresh weight 
of culture results. 
The number of shoots regenerated directly from seeds through organogenesis varied from 1.0 to 
99.33 shoots per seed and they were significantly different among treatments. Between 9-15 days after 
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they were planted, the shoots‟ height ranged from 0.6 to 4.4 cm, the number of leaves 0 to 6 per bud, 
the fresh weight of the cultured result 2.40 to 4.5 grams per bottle. The result of orthogonal polynomial 
test showed that the BAP and GA3 interaction had significant effect on the number of mangosteen 
micro shoots at 12 month after planting (MAP) (Figure 1) . 
At 0 and 7.5 ppm concentration of GA3, the pattern of micro shoot formation was positively 
linear, meaning that the addition of BAP up to 15 ppm increased the number of micro shoots.  At 2.5, 5 
and 10 ppm concentration of GA3, the pattern of micro shoot formation was quadratic (Figure 1). The 
greatest number of micro shoots formed (99.33 shoots per seed) was found in the combination of 
treatment, 15 mg L
-1
 BAP and 10 ppm GA3, indicating that this combination is favorable for micro 
shoot growth and multiplication. 
 
 
Figure 1. Formation pattern of micro shoots produced by the interaction of BAP and GA3 concentration 
at 12 MAP analized using polynomial orthogonal. 
 
The increase of shoot number was not accompanied by the elongation of shoots. Although the 
number of shoots produced reached 99.33 per seed, but the average length of shoots produced was 
about 1.0 cm.  The longest of micro shoots (6 cm) was generated on MS medium enriched with 10 ppm 
GA3, but the number of shoots produced was only 2 shoots per seed (Figure 2). 
 
 
Figure 2.  Mangosteen In Vitro Shoot Produced on MS Medium added BAP and GA3  
(a)  Control (without BAP and GA3), (b) Combination of 15 mg L-1 BAP and 10 mg L-1 GA3, (c) Combination of 
5 mg L-1 BAP and 10 mg L-1 GA3       (d) Combination of 15 mg L
-1 BAP and 2.5 mg L-1 GA3 
 
The influence of BAP concentration in the early growth was very dominant when compared with 
GA3 influence on the regeneration of the mangosteen seed culture.  It is assumed that bud formation 
required a lot of energy and nutrients, so the energy and nutrients availabity was not enough for the 
elongation of shoots. To stimulate the elongation of shoots, it is necessary to sub-culture to the new 
media with the addition of GA3 optimal concentration for the shoot elongation. Production of 
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propagules in large quantities need to be done in two stages of culture.  The first phase is for the 
production of shoots in large quantities using MS medium with the addition of BAP, and the second 
phase was the sub-culture to MS medium with the addition of GA3 to stimulate the elongation of 
mangosteen in vitro buds. 
This research result was better than that of Romeida and Taufik (1999) and Romeida (1999).  
They were only able to produce 5 to 6 shoots per explant through conventional methods added with 
cytokinins (BAP and kinetin).  Gunawan (1988 ) also reported that the number of micro shoots 
regenerated from manggosteen seed was around 6-7 shoots per seed.  While Qosim, et al. 2013) 
reported that the highest number of shoots (7-8 shoots per nodular calli) was produced on combination 
of 2.22 μM BAP and 2.27 μM TDZ (Qosim, et al., 2013).  
CONCLUSION 
The best performance of in vitro culture of mangosteen seeds producing the highest number of 
micro shoots (99.33 shoots per seed)  was the combination of 15 ppm BAP  and 10 ppm GA3. 
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